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Abstract 
Wireless Multimedia Sensor networks (WMSNs) have shifted the focus from scalar wireless sensor networks to 
networks with multimedia devices that are capable to retrieve video, images, audio, as well as scalar sensor data. 
However, the traditional image compression algorithms that need too much computation can deplete nodes’ energy 
quickly and shorten the network lifetime. In this paper, we analyze the JPEG standard and improved version in 
WMSNs in detail. Then we propose a novel Low Energy Image Compression Algorithm (LEICA) that is based on an 
interest area in WMSNs. LEICA can keep an image quality of an interest area and increase the compression ratio of 
the whole image. Furthermore, LEICA can prolong the network lifetime. Simulation experiments show the 
advantages of LEICA. 
Keywords:  wireless multimedia sensor networks;  image compression;  JPEG;  clustering algorithm;  the network lifetime 
1. Introduction 
The availability of inexpensive hardware such as CMOS cameras and microphones that are able to 
ubiquitously capture multimedia content from the environment has fostered the development of Wireless 
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Multimedia Sensor Networks (WMSNs). WMSNs are networks of wirelessly interconnected devices that 
allow retrieving video and audio streams, still images, and scalar sensor data. WMSNs will enhance 
existing WSNs applications, and they will also produce some new applications [1-3].  
However, WMSNs will produce a huge amount of images. The existing image compression algorithms 
such as JPEG, JPEG2000 are too complicated, which will deplete nodes’ energy quickly and shorten the 
network lifetime of WMSNs. In this paper, a novel Low Energy Image Compression Algorithm (LEICA) 
is proposed. LEICA divides the whole image into Regions of Interest (ROI) and tiles. ROI which 
monitored objects appear on are compressed at a low compression ratio, and then tiles including 
background regions are compressed at a high compression ratio. LEICA can keep an image quality of 
monitored objects, and it can increase a compression ratio of the whole image. Nodes that run LEICA 
consume less energy, and the network lifetime of WMSNs extends dramatically.   
The rest of the paper is organized as follows: Section 2 summarizes the related work. Section 3 
introduces the JPEG standard. Section 4 presents the proposed LEICA. Section 5 presents the simulation 
results and we conclude this paper in Section 6. 
2. Related work 
Clark N.Taylor [4] presented a methodology for selecting the JPEG image compression parameters to 
minimize energy consumption while meeting bandwidth and quality of image constrains. 
Abdelhamid Mammeri [5, 6] proposed to process only a reduced part of each block of 8×8 DCT 
coefficients of the target image, which minimized the dissipated energy and maximized the system 
lifetime, while preserving an adequate image quality at the sink.  
In [7], they analyzed the problem that the size of the portion of DCT block affected the quality of an 
image and the energy consumed for processing and transmitting an image. The quality of an image and 
the energy consumption were two conflicting effects. The image was partitioned into regions of interest 
and tiles. Different parts selected the different size. ROI which was determined by the sink in the paper 
can not be determined in practical applications. 
3. The introduction of the JPEG image compression algorithm 
Now JPEG is applied most commonly in digital image compression field. Fig 1 shows the basic flow 
diagram of JPEG. The input image is divided into small blocks and each block consists of 8×8 pixels. 
Each block is transformed by the two dimensional discrete cosine transformation (2-D DCT) to the 
frequency domain. The transformed coefficients are quantized to reduce the redundant data. The 
quantized values is encoded by RLE encoding and Huffman encoding. 
Fig.1. the basic flow diagram of JPEG 
The 2-D DCT which is the core part of JPEG can transform an image from the spatial domain to the 
frequency domain. The 2-D DCT is given by 
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The above 2-D DCT is also expressed by 
k）（kTk）（kk）（kk）（k APAF ×××× =                                                                                                     (3)
Generally, the value of k is 8.  is a pixel matrix.  is a discrete cosine matrix. F
is a DCT coefficient matrix. The transformed values of each block make up a DCT coefficient matrix 
which consists of 8×8 elements. The DC coefficient and upper left low and middle AC coefficients 
monopolize most energy of an image. Lower right high AC coefficients which occupy less energy of an 
image may be thrown away without sacrificing too much image quality.  
k）（kP × k）（kA × k）（k ×
4. A low energy image compression algorithm 
Considering the characteristics of the strict constraint on energy consumption in WMSNs, we can 
properly lower an image quality to decrease energy consumption. Fig 2 shows a DCT coefficient 
submatrix which is composed of upper left elements of a DCT coefficient matrix [5]. The selection of 
DCT coefficients is performed with respect to their rearrangement in a zigzagged way from low to high 
frequencies, and only low and middle frequencies are selected without much loss of information. The 
value of ρ which is a side length of a DCT coefficient submatrix determines an element number of a 
DCT coefficient submatrix. A DCT coefficient submatrix is computed by  
）（kTk）（kk）（）（ APAF ρρρρ ×××× =                                                                                                    (4)
The computation will decrease significantly with the value of ρ declining. 
Fig.2. the DCT coefficient submatrix 
The value of ρ  has effect on an image quality and nodes’ energy consumption. When the value of  ρ
is big, an image quality becomes good in that a DCT coefficient submatrix consists of more DCT 
coefficients. Meanwhile, an image compression needs more computation so that a node consumes more 
energy in computation. More DCT coefficients makes a node consume more energy in transmission. 
When the value of ρ  is small, an image quality becomes bad in that a DCT coefficient submatrix 
consists of less DCT coefficients. A node consumes less energy in computation and transmission. As a 
result, an image quality and a node’s energy consumption become conflicting aspects. 
4.1.  The basic idea of LEICA 
The captured image is partitioned into Regions of Interest (ROI) and tiles. ROI are regions that the 
monitored objects appear on. To guarantee an image quality of ROI, ROI are compressed at a low 
compression ratio, and the value of ρ  is set the maximum value.  Tiles which are those background 
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regions are less important to applications. Then the bad image quality of tiles can be endured and tiles are 
compressed at a high compression ratio. The value of ρ in the tiles is set the minimum value in order to 
save energy. 
All of images that appear in this paper are gray images and consists of pixels. The small block 
that consists of  pixels is the basic image processing unit. In the beginning, when the monitored 
object does not appear, the image that is captured by the camera node is called the background image 
which is noted as b. The background image b is stored in the memory of the camera node. The scalar 
sensor node is used to monitor the object. When the object does not appear, the camera node stays 
inactive. Otherwise, the camera node which is triggered by the scalar sensor node captures the image, and 
the captured image is noted as f. The difference of each block between the captured image f and the 
background image b is computed by  
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The value of oD which is the threshold between the ROI and tiles is determined by the camera node 
and the monitoring scene. The value of maxρ  is determined by the image quality of ROI. The value of 
minρ  is determined by an image quality of tiles and the residual energy of the node. The value of minρ  is 
less than the value of maxρ .   
When the captured image is compressed, the value of nm,ρ  determines the number of selected DCT 
coefficients of each block. Other operations of LEICA are the same to JPEG. 
4.2. The energy consumption model of LEICA 
The consumed energy of JPEG standard image compression is computed by  
huffrlezqdctp EEEEEE ++++=                                                                                                          (7)
p  is the total consumed energy of JPEG compression. dctE is the consumed energy of 2-D DCT 
transformation. q is the consumed energy of quantization. z is the consumed energy of  Z scan. rle  is 
the consumed energy of run length encoding.  is the consumed energy of huffman encoding [6].  
E
E E E
huff
When the image is compressed by JPEG, the whole image is divided many small blocks. Each block 
consists of pixels. The image whose size is processes 
E
kk × NM × )()( kkNM ××  small blocks. Each 
small block must carry out 2-D DCT transformation and obtain  coefficients. The consumed energy of 
2-D DCT transformation is computed by  
2k
))1((2))()(( 2 muladddct EkkEkkkNME −+•××=                                                                              (8)
add and mul  represent the energy consumption for a bit multiplication and addition instruction 
respectively.
E E
When the image is compressed by LEICA, the energy consumption of 2-D DCT transformation is 
computed by  
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The value of nm,ρ  of ROI is equivalent to or less than  k  and the value of nm,ρ  of tiles is less than 
. As a result, E dct .  2-D DCT transformation is the most complicated operation and consumes 
most energy. dct  is more order of magnitude than other parts of formula (7).  Other parts of formula (7) 
are never introduced here in detail. The value of 
k dct◊ < E
E
nm,ρ  of tiles is less than k.  The total energy 
consumption of LEICA is less than that of JPEG. 
phuffrlezqdctp EEEEEEE <++++=
◊◊◊◊◊◊                                                                                  (10)
4.3. The network  transmission model 
We cluster camera nodes using LEACH protocol [8, 9]. Cluster heads of camera nodes are responsible 
for coordination among these camera nodes within their clusters and communication with other clusters 
or the sink. Cluster members of camera nodes are responsible to capture images on demand and transmit 
images to their cluster heads. Meanwhile Scalar nodes become cluster members of camera nodes on the 
basis of the distance and angle of the camera nodes. Scalar sensor nodes are responsible to monitor 
objects. Camera nodes are inactive in most time. When the object appears, scalar sensor nodes awake the 
camera node. The camera node captures the images of the object. Then, the camera node compresses 
these raw images and transmits these compressed images to the cluster head of camera nodes. The cluster 
head of camera nodes transmit images to the sink.  
In wireless multimedia sensor networks, the node A transmits k bits to the node B and the distance 
between two nodes is d. The energy that the node A and B consumes is computed through the formula 
(11) and (12) respectively. 
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elecE  is the energy consumption of the electric circuit. fsε  and ampε  is constant and  is 87m [10]. 0d
5. Simulation experiment 
In order to verify the performance of our approach, we compare LEICA with JPEG, S-JPEG [5] in 
WMSNs. The performance of an image compression and the network lifetime are considered importantly. 
Peak Signal to Noise Ratio (PSNR) is used to evaluate an image quality. However, an image quality of a 
ROI is considered importantly in WMSNs, and Peak Signal to Noise Ratio of ROI (I-PSNR) is defined to 
evaluate an image quality of ROI. 
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 is ROI of the original image and  is ROI of the reconstructed image. ),(' yxg),( yxg
5.1. An image compression experiment 
The gray Lena whose size is 256×256 is selected in the experiment. Fig 3(a) shows the background 
image which is produced by a PS tool in order to implement LEICA. Fig 3(c) to Fig 3(f) shows 
experiment results when compressing and reconstructing the image using JPEG, S-JPEG and LEICA 
respectively. Table 1 shows the performance index when compressing Lena using above three algorithms. 
Generally an image quality of ROI is good when the value of I-PNSR is bigger than 30. Compared to 
JPEG and S-JPEG(5), the compression ratio of  LEICA increase 37% and 33% respectively.  
Fig 4 shows the experiment results when compressing and reconstructing the practically captured 
image whose size is 320×240 using JPEG, S-JPEG and LEICA respectively. Table 2 shows the 
performance index when compressing the practically captured image using the above algorithms. 
Compared to JPEG and S-JPEG(5), the compression ratio of  LEICA increase 76% and 62% respectively. 
Many experiments prove that LEICA shows better performance when ROI is smaller. 
(a) background  (b) an original image   (c)  JPEG                                  (a) background     (b) the captured image       (c)JPEG 
(d) S-JPEG(2)      (e) S-JPEG(5)          (f) LEICA                                  (d) S-JPEG(2)             (e) S-JPEG(5)              (f) LEICA 
Fig.3. Experiment results of Lena standard image                                  Fig.4. Experiment results of the practically captured image 
Table 1. Compression performance of a Lena                                Table 2. Compression performance of the captured image    
JPEG S-JPEG(2) S-JPEG(5) LEICA JPEG S-JPEG(2) S-JPEG(5) LEICA 
PSNR 33.5 25.5 32.6 25.6 PSNR 33.7 25.4 30.7 25.2 
I-PSNR 31.7 24.4 30.8 31.0 I-PSNR 32.6 24.6 29.6 31.7 
CR 9.7 21.0 10.0 13.3 CR 11.5 24.1 12.5 20.2 
5.2. The network lifetime 
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We assume that 100 camera nodes are dispersed on the rectangular area whose size is 100 Meters * 
100 Meters. In each round five camera nodes are randomly selected to capture the image. The captured 
images are sent to the sink eventually. Fig 5 shows simulation results about the network lifetime. The first 
dead node appears in the 233 round and in the 283 round respectively when applying JPEG and S-
JPEG(5). However, the first dead node appears in the 437 round when applying LEICA. Compared to 
JPEG and S-JPEG(5), the network lifetime of  LEICA extends 87% and 54% respectively.  
6. Conclusions and future 
In this paper, we have proposed a low energy image compression algorithm for WMSNs. LEICA is 
based on the idea that ROI is compressed at a low compression ratio and tiles are compressed at a high 
compression ratio. LEICA can increase the compression ratio of the whole image while meeting an image 
quality of ROI. LEICA can decrease the energy consumption on the computation and transmission. The 
network lifetime extends dramatically when applying LEICA to compress images in WMSNs. In the 
future, we will further study an image transmission using multiple paths in WMSNs. 
Acknowledgements 
This paper is supported by the Youth Teacher Foundation of Shenyang Aerospace University under 
Grant No.201013Y. 
References 
[1] Ian F.Akyildiz, Tommaso Melodia, Kaushik R.Chowdhury. A Survey on wireless multimedia sensor networks. Computer 
Networks, 2007, 51(4)：921-960. 
[2] Stanislava Soro, Wendi Heinzelman. A Survey of Visual Sensor Network. Hindawi Publishing Corporation, Advances in 
Multimedia, 2009. 
[3] Islam T.Almalkawi, Manel Guerrero Zapata, Jamal N.Al-Karaki, JulianMorillo-Pozo. Wireless multimedia sensor networks: 
Current trends and future directions. Sensors 2010, 7, 6662–6717. 
[4] C.N. Taylor, S. Dey. Adaptive image compression for wireless multimedia communication. International Conference on 
Communication, June, 2001. 
[5] Abdelhamid Mammeri, Ahmed Khoumsi, Djemel Ziou and Brahim Hadjou. Energy-Aware JPEG for Visual Sensor Networks. 
MCSEAI conference, April, 2008. 
[6] Abdelhamid Mammeri, Ahmed Khoumsi, Djemel Ziou and Brahim Hadjou. Modeling and Adapting JPEG to the Energy 
Requirements of Visual Sensor Networks. International IEEE Workshop on Sensor Networks , August, 2008. 
[7] Abdelhamid Mammeri, Ahmed Khoumsi, Djemel Ziou and Brahim Hadjou. Energy-Efficient Transmission Scheme of JPEG 
Images over Visual Sensor Networks. 33rd annual IEEE conference on local computer networks, 2008. 
[8] Heinzelman W B, chandrakasan A P, balakrishnan H. An application-specific protocol architecture for wireless microsensor 
networks. IEEE Transactions on Wireless Communications, 2002, 10: 660-670 
[9] Wei Wang, Bingwen Wang, Zhuo Liu, Lejiang Guo and Wei Xiong. A cluster-based and tree-based power efficient data 
collection and aggregation protocol for wireless sensor networks. Information Technology Journal, 2011,10(3):557-564 
[10] PetkovM V, Obraczka K, Manduchi R. Characterizing energy consumption in a visual sensor net work testbed. In 2nd 
International IEEE/Create-Net Conference on Testbeds and Research Infrastructures for the Development of Networks and 
Communities, 2006. 
